residues respectively, including 6 conserved cysteine residues. As these peptides have been reported to have influence on the processes of coagulation, fibrinolysis and inflammation, their potential application in biomedical contexts warrants further investigation.
Introduction
Protease inhibitors are part of the composition of Russell's viper venom, in which they exhibit varying concentrations depending on their geographical distribution [21] .
Trypsin and chymotrypsin inhibitors from snake venoms are members of the functionally diverse BPTI-like (bovine pancreatic trypsin inhibitor) superfamily. The snake venom Kunitz/BPTI inhibitors are basic polypeptides with approximately 60 amino acids in which there are six cysteine residues forming three conserved disulfide bridges. They exhibit diverse functions for inhibiting serine proteinase enzymes. This superfamily is classified into two families based on protein structure; small Kunitz-type inhibitors and BPTI-like toxins and soft tick anticoagulant proteins [5] . The Kunitz BPTI proteinase inhibitor family is divisible into subgroups according to source and bioactivity. Snake Kunitz/BPTI inhibitors have been divided into non-neurotoxic and neurotoxic groups according to their functions [2] . The non-neurotoxic snake Kunitz/BPTI inhibitors include trypsin and chymotrypsin inhibitors. Another group acting as K + and Ca 2+ channel blockers with little or no inhibitory activity is the neurotoxic snake Kunitz/BPTI.
This group includes α-dentrotoxin, toxin K, toxin I, calcicludine, and the small subunit of β-bungarotoxin from various snake sources [11, 14] . Moreover, a trypsin inhibitor occuring in a complex containing a phospholipase A2 (PLA2) and a protease has also been reported [22] . The characteristically folded domain like that of a BPTI-like peptides is also found in several proteins, for example a human Alzheimer amyloid precursor protein [17] , type VI collagen alpha3(VI) [27, 41] , tissue factor pathway inhibitor [1] and 
Isolation and Purification

Pretreatment of crude venom by heating
One hundred milligrams of Burmese Daboia russelli siamensis venom were 
. POROS 50HS column chromatography
The fraction containing chymotrypsin inhibitor activity from gel filtration chromatography was collected and diluted four-fold (V/V) with 0.02 M phosphate buffer, pH 7.0. High performance liquid chromatography (HPLC) of the diluted fractions was performed using a self-packed POROS 50HS column (0.6 ! 15.0 cm). The column was equilibrated with 0.02 M phosphate buffer, pH 7.0 at a flow rate of 1.0 ml/min. The absorbed components were eluted with a linear gradient of NaCl from 0 to 0.35 M in the equilibrium buffer for 140 min and 0.35 to 0.8 M NaCl for 100 min. The chromatography was conducted using a CCPD 8000 HPLC system from Tosoh Co.
(Tokyo, Japan) at room temperature, the eluate was monitored at 214 nm with a
Beckman 166 UV detector and fractions were collected. Germany) for further characterization. POROS 50HS column chromatography was then performed as described above.
Characterization of BBPTI-1
Mass spectrometry
MALDI-TOF MS of positive ions of trypsin inhibitors was carried out using a
Voyager DE mass spectrometer (Voyager, Applied Biosystems, Warrington, UK) operated in linear mode. Alpha-cyano-4-hydroxycinnamic acid (Sigma, UK) (10 mg/ml) was prepared in a solution containing 0.1/49.9/50 TFA/water/acetonitrile. Calibration took place using a mixture of peptides of known mass (Laser Biolabs, Sophia-Antipolis, Cedex, France).
Determination of peptide concentration
A Micro BCA TM Protein Assay Kit (Pierce, USA) was used for determination of peptide concentrations using BSA (supplied with the kit) as the standard according to the manufacturer's protocol.
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Amino acid sequence from automated Edman degradation
Sequence determination of purified peptide was performed by Edman degradation using a protein sequencer (Applied Biosystems Model 476A, Perkin Elmer, MA, USA).
The primary structure was obtained by comparing the elution position of standard PTH-AAs.
Determination of chymotrypsin inhibitory activity and chymotrypsin inhibition constants (K i )
Chymotrypsin inhibitor activities were measured according to the Mikola and reaction to obtain the chymotrypsin inhibitor nucleic acid sequence based on a SMART-RACE kit (Clontech, Basingstoke, UK) method.
Cloning of protease inhibitors
A sense primer (P 1 ) sequence (5'-ATGTCTTCTGGAGGTCTTCTTCTCC-3') designed from the signal peptide was according to the B 1 chain (BPTI peptide) cDNA of a PLA 2 [37] . PCR product was obtained by utilizing a nested universal primer (NUP) (an antisense primer) from the kit and a sense primer, P Kit and an ABI 3100 automated DNA sequencer (Applied Biosystems, California, USA).
Bioinformatics of nucleotide and amino acid sequences
The AlignX programme of the Vector NTI Bioinformatics suite (Informax) was The fractions corresponding to peak 5 were further purified on a C-18 column to purify the active peptide, BBPTI-1 (Fig. 1c) . 
Properties of BBPTI-1
Mass spectrometry
Amino acid sequences of BBPTI-1
Using automated Edman degradation, the partial N-terminal amino acid sequence of BBPTI-1 was found to be HDRPKFCYLPADPGECLAHMRSF.
Determination of chymotrypsin inhibition constant
The 
Trypsin inhibition activity
BBPTI-1 strongly inhibited chymotrypsin activity, but showed no detectable inhibitory activity against trypsin.
Molecular cloning of cDNA encoding BBPTI-1 and BBPTI-5
RT-PCR product with about 500 bps was obtained from the dry venom-derived libraries of Burmese Daboia russelli siamensis venom. Two cDNAs of BPTI peptides designated as BBPTI-1 and BBPTI-5, were consistently cloned from Burmese Daboia russelli siamensis venom by using one primer designed from the signal peptide, and another primer (NUP) from the kit for PCR analysis (Fig. 3A, Fig. 3B ). The cDNA (Fig. 1d) and is composed of 60 amino acid residues. BBPTI-1 showed competitive chymotrypsin inhibitory activity, but no detectable trypsin inhibitory activity. Generally, chymotrypsin inhibitors exhibit no inhibitory trypsin activity, as is the case with Oh11-1 from Ophiophagus hannah venom [3] , CBPTI-3 from Chinese Daboia russellii siamensis [13] and NA-CI from Naja atra venom [39] , but Ritonja reported a chymotrypsin inhibitor that inhibited trypsin and human kallikrein weakly [31] . The Chinese Daoia russullii siamensis venom, 2.55nM [13] , but lower than the reported value for Oh11-1 from Ophiophagus hannah venom, 3.52 µM [3] and NA-CI from Naja atra venom, 25 nM [39] .
The molecular weight of the mature BBPTI-1 peptide deduced from the cDNA sequence is 6873.79 Da (http://www.peptidesynthetics.co.uk/tools/) assuming that cysteines are oxidized. This is in close agreement to the observed mass (6874.20Da)
derived from MALDI-TOF mass spectrometry of the doubly charged signal (Fig. 1d) . A comparison of cDNA of BBPTI-1, BBPTI-5, CBPTI-3 and IBPTI-III showed identical sequences in their signal peptide (Fig. 4B ) and high similarity in the 3'-noncoding regions. A gene deletion compared to BBPTI-1 cDNA was found close to the 3'-terminal in BBPTI-5 cDNA, which resulted in a mature peptide with 66 amino acid residues.
Following NCBI-BLAST (http://www.ebi.ac.uk/Tools/sss/ncbiblast/) mature peptide homology searching, 6 amino acid differences were noted for BBPTI-1 compared to CBPTI-3 and 7 amino acid differences compared to IBPTI-3, especially for the P 1 position; in BBPTI-1 this is Leu instead of Met in CBPTI-3 and IBPTI-3 (Fig. 4B ).
BBPTI-1 showed 90% similarity to CBPTI-3 (54/60) and 88% to IBPTI-3 (53/60). Naja naja atra chymotrypsin inhibitor (NACI) genes [8] and several B chain genes of β-bungarotoxins have been reported by Cheng et al. [7] , and they share virtually an identical structural organization containing 3 exons and 2 introns, and a high degree of have originated from a common ancestor, as was also elucidated by comparing signal peptide amino acid sequences of snake Kunitz/BPTI proteins and obtain highly conserved sequences [40] . In this paper, highly conserved signal peptide sequences of Kunitz/BPTI proteins were also found (Fig. 4B) . Moreover, by analyzing the protein sequences of the snake Kunitz/BPTI family, the progressive development of this family has been achieved by gene duplication followed by diversification [7, 40] .
With regard to the competitive inhibition activity study, the P 1 residue in the center of the binding loop is particularly important and its variants have been shown to greatly alter the specificity and potential activity of these peptides [9, 20] . The P 1 amino acid in many inhibitor families shows a high degree of variability [24] . Cardle and Dufton [2] analyzed the Kunitz BPTI proteinase inhibitor sequences for each subgroup containing different functions and revealed that amino acid side chains at interactive sites were conserved. A typical trypsin inhibitor has a positively charged Arg or Lys residue at P 1 , whereas a chymotrypsin inhibitor has a large hydophobic Phe, Leu, Met, Tyr, or Trp residue [23] . Two chymotrypsin inhibitors containing Asn at P 1 were also found in Bungarus fasciatus venom [25] and Ophiophagus hannah venom [3] . In this study the P 1 amino acid residue of BBPTI-1 and BBPTI-5 is leucine (Fig. 4B) , providing further confirmation that these peptides are chymotrypsin inhibitors.
Snake venom Kunitz/BPTI inhibitors are considered to have influence on the processes of coagulation, fibrinolysis and inflammation [33] and protease inhibitors such A c c e p t e d M a n u s c r i p t Page 32 of 32
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